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rameters that define the operating characteristics of im- 
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so provides an implantable cardiac stimulating device 
(38) programmer which can furnish therapy decision 
support as well as telemetric data retrieval and telemet- 
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Description 

This invention relates to implantable cardiac stimulating devices, and in particular to a programming system for 
implantable cardiac stimulating devices. More particularly, this invention provides a therapy decision support system 
and method that allows physicians and clinical technicians to optimize a set of adjustable parameters that define the 
operating characteristics of implantable cardiac stimulating devices. 

Implantable cardiac stimulating devices are designed to treat cardiac pathologies known collectively as arrhyth- 
mias. The term "arrhythmia" refers to the failure of cardiac tissue to contract and relax in a regular, rhythmic fashion. 
There are two variables that generally define an arrythmia - heart rate and heart beat regularity. For example, if a 
heart beats at a regular but slower than normal rate, the arrhythmia is referred to as "bradycardia". A regular but faster 
than normal heart rate is referred to as "tachycardia". Finally, chaotic cardiac activity is known as "fibrillation". 

The purpose of an implantable cardiac stimulating device is to detect and terminate cardiac arrhythmias in a patient. 
Typically, this is accomplished by monitoring cardiac activity (e.g., the intracardiac electrogram, or "IEGM") of a patient 
through various sensors, and by delivering therapeutic electrical stimulation whenever an arrhythmia is detected. As 
'5 different arrhythmias require different forms of therapy, historically, different classes of implantable devices have been 
used to treat them. Thus, "pacemakers" generally deliver tow energy pulses for treating bradycardia, "cardioverters" 
deliver stronger pulses for reverting tachycardia, and "defibrillators" deliver very strong pulses or "shocks" for termi- 
nating fibrillation. Modern devices may be capable of providing "tiered therapy," in which the type of electrical stimulation 
supplied by the device is determined according to the severity of the arrythmia, with more aggressive therapy being 
20 applied in response to the more severe arrhythmias. For example, a modem device may serve as a pacemaker and 
a cardioverter/defibrillator, which is to say, that it can provide therapy for bradycardia, tachycardia and fibrillations. 

As medical science and technology progress, treatments for cardiac arrhythmias, and the implantable devices 
used for their delivery, have become more specific and more sophisticated. Typically, a set of adjustable parameters 
in the device is programmed to modify the delivered therapy according to the instructions of a physician. These may 
25 include parameters that adjust detection mode and detection criteria of the device - for example, parameters that 
define bradycardia, tachycardia and fibrillation according to rate and regularity, or parameters that determine whether 
the device sensors act in one or two chambers of the heart (i.e. single- or dual-chamber sensing). 

Other adjustable parameters determine the pacing mode or the specifications of the therapy that the device would 
deliver in response to any particular arrythmia that is detected. For example, a device can be programmed to deliver 
30 pacing pulses in one or two chambers of the heart (i.e. single- or dual-chamber pacing), with or without modulation of 
the pacing rate according to the detected heartbeat. 

Parameters that relate to routine or house-keeping functions of the device can also be programmed according to 
the instructions of a physician. For example, the device can be programmed to record the history of a particular episode 
of arrhythmia, such as the date and time of detection, heart rate at the time of detection, and result of the therapy. 
35 Various other sensor and memory storage units within the device can also be enabled or disabled to enhance the 
performance of the device and battery longevity, as deemed appropriate by the physician. 

Obviously, the greater the number of adjustable parameters, the greater the chance of satisfying particular thera- 
peutic needs of each patient by tailoring those parameters. But there is also greater complexity and more room for 
confusion in deciding what the appropriate settings should be. Incorrect programming of the device, or presence of 
40 two or more conflicting parameter settings may lead to device malfunction. It may, for example, cause delivery of 
unnecessary or inappropriate pulses -- a phenomenon that is categorized as "pacemaker syndrome". 

Thus, an immense burden is placed on the physician or the medical technician who must determine the appropriate 
settings. To make reliable decisions, a physician would need familiarity with vast volumes of information. Not only must 
physicians keep abreast of the literature and the latest medical advances in the field, they must also understand the 
45 complexities of various intricate implantable devices. With new and more sophisticated devices from different manu- 
facturers entering the market at an increasingly rapid pace, this task is becoming more formidable every day. 

In spite of some recent attempts in the art to lighten the burden of the therapy decision-making process, known 
systems generally have not advanced beyond recommending an optimum pacing mode for implantable pacemakers. 
For example, Bernstein and Parsonnet have described a computer implementation of an algorithm that calculates a 
so pacing mode based on 11 pieces of encoded data entered by the operating physician (presented at the "39th Annual 
Science Session of the American College of Cardiology," New Orleans, LA - March 1990). Similarly, Garber et al. has 
programmed an algorithm on a personal computer that can determine an optimum pacing mode following a question- 
and-answer session with the physician (J. Electrophvs. (1 989) 3, 21 7-220). 

Simply recommending a pacing mode, however, is unsatisfactory. It can leave the physician unaware of why a 
55 particular mode was recommended, what alternatives are available, or how to set the other adjustable parameters on 
the implantable device. Furthermore, as mentioned previously, in many cases two settings may interfere with each 
other's function and such a conflict may easily escape the physician's notice. The recommendations made by the prior 
art systems are also restricted to only one type of implantable cardiac stimulating device whereas a physician must 
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typically deal with many different devices from various manufacturers. 

«, JS? ° re ' * W0UW b9 desirable rt a decision s uPP<>rt system could present the physician with a list of a multitude 
of availab a parameters that can be adjusted in an implantable devfce. and if it could make setting rec^mmenda ions 

ne dS f « ! am ° n9 Param8,er Set,i " 9S and Wam ,he pnvsici3n accordingly. It would also be desirable » 
mL« ofl c T ^ PreSemed mera,Ur8 Cit3tk5nS ° r SCientir,c 1)313 3nd reasonin 9 ex P la '"™9 why a particula 
h 8 2h « r rame,6r Settin9 W3S recommended T ° expand the utility of a decision support system it would 
c^^iac s^m^^tat d9 ^'S'^n support system had the flexibility to recognize various types and models^! implantable 
cardiac stimulating devices and make recommendations accordingly. 

tasks^numb^ ? T" C0m P Uter -° 3Sed svstems is *■» «hey require the physics to perform vark>us 
„!!? different machmes or instruments before programming an implantable device. For example, to 

he patient s medical condrtion, possibly from a central hospital database, and then enter this data into the computer 

ioSfL^rf L COmPU . te ? °T ?"* thS SyStSm * ° p0ratin9 ' Next ' the phvsician ™ st P™i°e the system with the 
spec* cations of the implantable device and the present settings of the adjustable parameters in the device This in 

Stable 8 £K 7T 1!" 0 ? 11 aPPara,US ^ 35 3 " device P^Lmer.'which can commun ate wJ"the 
ZSnn mnJ th ,e ' eme,r,C3l| y- ° nce ,he s V st9m Prided with all the necessary information, it can recommend 
etr«eSLt e ? ySC,an ^ ,he " 9 ° teckt0 ^ 9device P ro 9^nand adjust the implantabledeviceparam- 
ZZll S T V ", 9 ?° W pro9rammed th0 dev,ce - the Physician would have to return to the patient file or da- 
tabase and make a record of the settings for future reference 

nor, SSffiS m °!!f ° , 4 ° pera,i0n is cum bersome. inefficient and overly time-consuming. Therefore, a decision sup- 

Indrt °? SUppon J sys,em could arrive a1 °P*™»' settings for device parameters after gathering the data 

and ,f the same system could automatically program the implantable device according to the instructions of the phyS 
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tmJ f aCC ° rd3nce Wlth *. e present invention - a decisi0 " support system is provided that can generate recommenda- 
tam for programming of implantable cardiac stimulating devices, according .0 rules from one or more rulers that 

■ ' 3 , n9 d6V ' Ce t0 be proarammed - The system utilizes a rule engine unit that engages an operator in an 

T" r Sk>n aCC ° rdin9 t0 fUleS °' ,he Se,eCt8d rule set « «he informLfi" 

sZLin h! P ' hS r "' e en9 ' ne determines an appropriate operating condition for the implantable cardiac 

tne operating condition as a programming recommendation to the operator 

nJHHSH':, fUle Pr ° Vide ,he ° per3t0r W " h 3 list of ad i u stable parameters in an implantable device so that 
SZT 9 ™ 0mmenda,,ons re 9 ardi "9 any of a number of adjustable parameters in an implantable devtee can be 
obtained from the same decision support system. 

.torJiT 68 !" 1 i [! V f nti0nal80 provides a de cision support system which utilizes a patient/device database unit for 

tL? 9 ^^ 

,h,, 0 ™ V ' Ce ^ 3 f 6 Ca " a,S ° SefVe 38 3 me3nS ,0r stora 9 e oi tne sets. The decision support system can 
da aba TnZT* * f " * ^ ** 3 ^commendation direct* from Z pati nt/devfce 

database and arrive at a programming recommendation. 

of JnSiw 6 ' 3CCOrdance with tne P res9 "t 'mention a method for arriving at recommendations for programming 
SS? stimulating devices is provided. The method involves selection of an appropriate rule set from 
a set of avarfable rule sets according to information acquired from an operator orfrom a patient/device database The 

Sad mLlTnT " 8 T^" ""^ SeSSi0n qUes,ions are posed accordin 9 to the rules of the 

and ? nl ~ T f ° petaXo ^ 3nswers to P reviou s questions. In this way. the operator goes through the rule set 
and upon completion of the session is presented with programming recommendations. Preferabfy. each recommen- 

Z to inV^ST"'? ? C °T e ? tS ' ° r cit3,ions from *» medical 'itsrature, or both, describing the reasoning which 
led to the recommendation and references for further consultation by the operator. 

deC 'f ? ^ PP ° rt SySt9m and m6th0d 3CCOrdin9 10 1,16 P resent "nvention can be implemented as part of a 
* st -nulating dev.ce programmer. Thus, the present invention also provides an implantable device programmer 
capable of dehvenng programming guidance and decision support. The programmer is preferably capable of using the 
recommended operating condition to program an implantable cardiac stimulating device via a telemetry head The 
ST' T. a,S ° hC T 3 pa,ient/dev ice database unit as described above. Thus, an operator can access a pa- 
tients medical history and operating parameters for various implantable cardec stimulating devk:es through the pro- 
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grammar's patient/device database, use the decision support feature of the programmer to determine an appropriate 
setting or operating condition, store the determined settings in the patient/device database, and engage the telemetric 
capabilities of the programmer to program the implantable device, in a single session with a device programmer ac- 
cording to the present invention. 

Embodiments of the invention will now be described, by way of example, with reference to the drawings. 

The above and other advantages of the invention will be apparent upon consideration of the following detailed 
description, taken in conjunction with the accompanying drawings, in which like reference numerals refer to like parts 
throughout, and in which: 

FIG. 1 is a schematic diagram of a preferred embodiment of a decision support system in accordance with the 
present invention, in which a physician can access a patient/device database, use a rule engine to determine the 
optimal setting for an adjustable parameter in an implantable cardiac stimulating device, and program the device 
telemetrically; 

FIG. 2 is a flow chart representing the structure and operation of a preferred embodiment of the decision support 
system in accordance with the present inventbn. 

FIGS. 3 and 4 are a flow chart representing the structure of a preferred embodiment of a computer program con- 
trolling the operation of the decision support system in accordance with the present invention; 
FIGS. 5 and 6 are a schematic representation of a preferred embodiment of a decision tree that can be used as 
a rule set for reaching a therapy recommendation in accordance with the present invention; and 
FIG. 7 is a flow chart exemplifying the steps involved in reaching a therapy recommendation in accordance with 
the decision tree of FIGS. 5 and 6. 

The present invention provides a decision support system 20, as shown in FIG. 1, that utilizes a central control 
unit 22 for the orchestration of tasks among a number of other units and components including a rule engine 24, a 
patient/device database 26, an input interface 28, an output interface 30, and a telemetry head 32. In addition, the rule 
engine 24 has access to a number of rule sets 34, stored in a memory unit 36. The control unit is typically microproc- 
essor-based and capable of performing multiple tasks. For example, as shown in FIG. 1, the control unit 22 commu- 
nicates with an implantable cardiac stimulating device 38 through the telemetry head 32. The telemetry head 32 allows 
for bidirectional transfer of information. In one direction, the control unit 22 may receive information from the implantable 
cardiac stimulating device regarding the implantable device itself (e.g., name, model, current parameter settings, etc.) 
or regarding the operational history of the device and patient response to delivered therapy (e.g., date, energy, and 
cardiac activity of the patient following the last attempted therapy). In the other direction, the control unit 22 can transmit 
parameter settings or programming instructions to the implantable cardiac stimulating device and thus affect the op- 
eration of the device, if so desired. The implantable device could then stimulate cardiac tissue 40, according to the 
programmed instructions or parameters, through a conventional lead 42. 

In order to determine the optimal parameter settings and programming instructions, the control unit 22 utilizes 
several auxiliary components. For example, an interface with the patient/device database 26 provides access to further 
detailed information about patients, and information about implantable devices, that may not be directly available from 
the implantable device 38. Such data may comprise the medical history of a patient, current drug regimen, and possible 
susceptibility to certain cardiac arrhythmias. The data may also include information such as guidelines provided by a 
manufacturer relating to specific device operations, available therapies, and lists of adjustable parameters and spec- 
ifications for various devices. The data stored in the patient/device database 26 may relate to many different patients 
and many different implantable cardiac stimulating devices. Thus the decision support system 20 can be used in pro- 
gramming of a variety of different devices for many different patients. 

As shown in FIG. t, the patient/device database 26 may be implemented as part of the decision support system 
20 using conventional data storage apparatus, such as a read-only memory cartridge, an optical disk drive, a hard disk 
drive, a floppy disk drive, a tape drive, or any other suitable data storage device. Alternatively, the database may be 
separate from the decision support system, as part of an accessory unit such as a mainframe computer in a hospital 
or any other central database (not shown). 

The control unit 22 may also acquire information from the operator of the device such as a physician or a nurse, 
through the input interface 28. The input interface 28 can be a keyboard, a touch sensitive screen, a screen with a light 
pen, or any suitable interface that would allow the user to communicate with the control unit 22. 

Messages and data can be displayed through the output interface 28, which may be a display monitor, a printer, 
or any other suitable apparatus for output of information. 

The control unit 22 uses a rule engine 24, preferably at least partly microprocessor-based, to provide the operator 
with suggestions regarding the programming of the implantable device. Although FIG. 1 depicts the control unit 22 and 
the rule engine 24 as separate units of the decision support system, they can also be implemented with the same 
microprocessor, preferably, the rule engine 24 is flexible in that it can operate according to a variety of different rule 
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sets 34. corresponding to different implantable cardiac stimulating devices 

disk dSe^hi^H 9 S, ° re n d in a T m0 ' V Untt *• M mfl y com P fise 8 read ™'y ™«™,y cartridge, an optical 
24 fe .Zd EL ™1 8 ?°£ Py d T dfiVe ' 9 tepe driVe " 0r ^ other surtab,e data st0 ' a 9* device. The rule 
of Jo 5JiS ? SSS utlT ' r ret ? ^ ^ 3,1 appr0pna,e fU,e Set accordin 9 to *• ^ructfons 
^52 o l! nH ? e ,TI T may bS lmplemen,ed as P a « of the patient/device database 26. 

y Implemen,ed in sui,able mter °~de or any higher level computer language In ope aZTe 

£2L p 2?; cw T I e , syst T t0 perform at least five basic tesks as ^**^*£K3£ 

aTd tne ELSE . h 8 ^ 5 °' h Whi ° h " aCquires in,ormation regancJing the patient (not shown j 

m. 3 !it^ ' Sy ! m aC,,Va,eS thS rU ' e en9ine 24 (F,G - '> and - lhrou 9 h rule engine 24. selectTanlppLriaTe 
rule set 34 correspond^ to the implantable cardiac stimulating device 40 that is to be programmed (FIG T) Z the 
ru to engme actuated, the system proceeds to a step 54 at which point it guides the operator through JL^ ive 

t^h^ 

un «Mh rtS engine 24 G « anSW6rS °' ° perBtor l ° preVi ° US questi0ns ' The session fe continued 

mav cho^e A, h!, IT ?h } , P T 6 3 recommendatio " or set of recommendations from which the physician 

Zfa M Z"rl system advances to a step 56 and displays the recommendation through the output 

the dev.ce A -yes" answer leads to a step 60 in which the telemetry head 32 (FIG. 1) is automatically acSTd Tand 

P^arnm-ng mstructions are transmitted to the implanteble cardiac stimulating device A 

cTs^^^ 

Z ! Jt J re ^ mmenda,,on - 'OOP encompassing the steps 50-56 and the test 58 can be repeated « many 
times as required until a satisfactory recommendation is obtained 'epeaieo as many 

of a ^ D lTlL^T»J T f escri P tion of the support system of this invention under central 

LuSTS ? ° pera,or < not shown > w °uld begin by choosing the mode in which the system is to 

312 JEWESS . I' at V" 62> ^ ° Pera,0r iS Pr ° Vided wHh ,he Choice of usi "9 the y te.eme' ric 
7J22l^J2^l obtain information telemetrically from the implantable cardiac stimulating device 22 (FIG 
1^ If so desired (answer -yes" to the test 62). then the system would activate the telemetry head 32 (FIG 1 ) at a steo 

mato or delndl ? P 66 ' "* ^ W ° U ' d pr0Ceed t0 a ste P 72 to **** «» gathered infer- 

SfomlZS r^K OT 

The .nforrration may include technical information such as a list of parameter settings, or personal data on the oatient 
such as medical history, and recent caralac activity as recorded by the device 

th« S^TT' th6 ° Perat0r "*> ° btain in,ormation °y accessing the patient/device database 26 (FIG 1 ) To do this 
InET adva " ces J° a ste P 68 «*Ponse to a "no" answer to the test 62. and asks for the pat St name o an 
"""I i ^ 03,1 be 6ntered mr ° U9h ,he inpUt in,erface 28 < F,a 1 >• Havi "9 the name orZ idenTffica ion 

h thrnTc*. 1688 ^ th .! m0de ° f in,ormalion retrieval Cytometric or database-assisted), all of the gathered information 
then displayed for the operator's perusal at step 72. (Alternatively, the operator could be asked LeviewanrccS 
Ind^a r ° f ne . P ' ece at a ,ime > A ,est 74 is Performed to determine if the operator finds the retrieved WormatLTsuffSem 
8 7k ' T" iS " n °" ( ' 0r eXamp,e ' Whe " the medical ^"ion or drug regimen of^ZrtS 
JecTrrthHe^^^ 

^ ?"! ? V ° U ' d mwe l ° 3 $,ep 76 and be 9 in t0 collect the oorrect and up-to^late information Inpul of 
data by the operator can be facilitated using any known user-friendly data entry protocols. For exam^e InSc^ 
may be prachced using a mouse and menu bars, touch-sensitive screens, or pen-based computers 
1)ataT 9 o e 8 T«lT tien,anddeV K e in,ormationhavebeen gathered, the system activates the ruleengine24(FIG 

the ^ ule ^se's i? fs , TSST^T ^ ^ i ?' 0rmati ° n 3t StSP 80 10 SeleCt 80 ru,e se « from °ne of 

h^^l^lh^/ ! 6d befCre ' each rul ° set is marked in ,he s V stem,s memory 36 (FIG. 1) according to 

Z T* "S Ude °' ,meraC,in9 rU ' eS ,hat are cros s-^renced to each other in such a way that Z 

Z^rJ T dl " eren, ,reeS> depending on ,he order in differa "« rules are activated. The latte are 
commonly known as 'deductionoriented- rules or -antecedent-consequent- rule sets 

the imTn?o h L S ( 0f °I rU 'f; Se i emp,0yed • 1,16 System then dis P |a y s a list of Parameters that can be adjusted in 

the .mplantable device at a step 82 (FIG. 4). The list is avaibble either from the selected rule set -since each mtese" 
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is Refined for a particular implantable device - or in an alternative embodiment from the patient/device database 26 

The operator is then asked to select, at a step 84. the parameter adjustment for which decision support is requested 
(Alternatively, the system may select a default parameter adjustment, thereby not requiring a selection by the operator 
Following the operator's response, the system advances to an interactive question and answer step 86, led by the rule 
engine 24 (FIG. 1 ). The operator may select simply "yes" or "no" answers to certain questions or select from multiple- 
choice answers to others. Each question and possible answers to that question are displayed through the output in- 
terface 30 (FIG. 1). Each answer leads the rule engine 24 (FIG. 1) either to a new question, or to a recommendation 
When a recommendation has been reached, it is displayed, together with the appropriate literature references, at a 
step 88. At a test 89, the operator is asked if he would like to review the answers that he had given at step 86 that 
caused the system to give the recommendation displayed. If the operator answers no. the system proceeds to a test 
90 if the operator answers yes at test 89. the system proceeds to a test 87 and displays the answers given previously 
and asks rf the operatorwould like to modifythose answers. If the operator answersyes. the system returns to interactive 
question and answer step 86. (An additional step could be performed, wherein the operator is asked which answer he 
would like to modrfy and the interactive question and answer step 86 is restarted from the corresponding question ) If 
at test 87, the operator answers no. the system returns to test 89. If at test 89, the operator answered yes. test 90 is 
performed to determine whether the operator would like another recommendation - either for the adjustment of another 
parameter, or based on different answers during the question and answer step 86. If the answer is "yes", then the 
system asks whether the current recommendation should be saved at a test 92. The system is capable of storing 
several recommendations or programming instructions, so that the operator can collect all the necessary recommen- 
dations before programming the implantable cardiac stimulating device 38 (FIG. 1). In this way. the system can avoid 
piecemeal programming of the implantable cardiac stimulating device 38 (FIG. 1) and it would allow the operator to 
adjust several parameters all at once. A 'yes' answer to the test 92 advances the system to a step 94, at which point 
the current recommendation is saved, before returning to the step 82 to determine which parameter is to be adjusted 
next. A "no" answer to the test 92 returns the system to the step 82 directly. 

_ A loop consisting of the steps 82-94 can be repeated until no other recommendations are required At that point 
a no response at the test 90 causes the system to proceed to a test 96 which determines whether the operator would 
like to program the implantable cardiac stimulating device 38 (FIG. 1 ) telemetrically. If so desired ("yes" answer) the 
system would automatically display the parameters that it plans to program and the recommended settings at a step 
SB. At this stage, the operator can use discretion to alter the recommendations of the decision support system before 
adjusting the implantable cardiac stimulating device 38 (FIG. 1 ) telemetrically. A test 1 00 is performed to allow for such 
alterations. If at test 100 the operator answers -yes", then the preferred settings can be entered at step 102 through 
the input interface 28 (FIG. 1). When the desired programming parameters have been set, the operator can initiate 
,™ P ro 9rammmg by entering a "no" answer at the test 100. This causes the system to activate telemetry head 
32 (FIG. 1) at a step 104 and adjust the appropriate parameters at a step 106 according to the recommendation(s) 
made at the step 88. ' 

The system then returns to the test 90 should the operator choose to adjust other parameters in the device, in 
which case the steps 92-88 are repeated. If not. the answers at tests 90 and 96 would be 'no" which brings the program 
to an end. ° 

To illustrate further a decision-making process of this invention, FIGS. 5 and 6 show a decision tree that can be 
used as one of the rule sets 34 (FIG. 1) in the programs represented in FIGS. 2, 3 and 4. This decision tree is an 
example of a rule set used for making recommendations in adjusting the pacing mode of an implantable pacemaker 
However, it would be clear to those skilled in the art that similar decision trees can be easily constructed for adjustment 
of parameters other than for the pacing mode, and for programming of other implantable cardiac stimulating devices 
such as an implantable cardioverter- or an implantable cardioverter/defibrillator. 

As seen in FIGS. 5 and 6. the decision tree provides a ■multi-linear" rule set in which questions are organized in 
a hierarchical fashion. At each branching point or 'node.' the operator is presented either with a choice of yes/no 
answers (e.g., at a node 4, FIG. 5) or with multiple choices (e.g., at a node 5, FIG. 5). Each answer determines the 
"f c,2c eSt,0n ' ultima,e| y leads to a recommendation at the outermost tips of the branches of the tree. In the tree 
ot figs. 5 and 6, there are 62 such tips corresponding to 62 different recommendations for the adjustable pacing- 
mode parameter. The descent to each recommendation and the basis for the recommended pacing mode is described 
in detail in an attached Appendix. To illustrate further the decision making process. 

FIG. 7 follows the progress of a hypothetical question-and-answer session along one of the branches of the decision 
tree in FIGS. 5 and 6. This branch corresponds to Mode Selection Conclusion 42 (see appendix). As shown in FIG 7 
the system begins by ascertaining whether the patient needs a pacemaker (node 120), whether the use of the pace- 
maker would be frequent (node 122), and if the patient is mentally competent (node 124). In this hypothetical case 
the patient is a mentally competent subject with frequent need for a pacemaker due to an atrioventricular (AV) block.' 
Therefore, the answers to the questions posed at the nodes 1 20, 1 22. and 1 24 are "yes", "no 1 , and 'no', respectively. 
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Although in this example the answers are provided by the operator, they can also be retrieved from the patient/device 
database 26 (FIG. 1 ) prior to the question-and-answer session. In that case, the system retrieves answers to as many 
questions as possible from the database, and then begins to ask for answers to the unanswered questions. 

Following the answer to the question of the node 124, the system proceeds to inquire at a node 126 about the 
possibility of atrial fibrillation at a node 126. The node 126 is an example of a node which can lead to multiple (more 
than 2) sub-branches. In this case, the answer 'none', indicating no evidence of atrial fibrillation, leads to a node 128 
which, like the node 126, can lead to multiple sub-branches. When the sinus rhythm is normal, as is the case in the 
hypothetical example of FIG. 7, the system proceeds to nodes 130-134 to determine if there is possibility of AV block, 
a hypertrophied non-compliant ventricle, or evidence of pacemaker syndrome. Appropriate answers to these questions 
lead to a node 136 which determines if a separate sensor (not shown) for rate-responsive pacing should be activated, 
in case the sinus rate may exceed the maximum tracking rate. Since this is not a concern in this hypothetical case, 
the answer to the question of the node 1 36 is 'no'. At this point the system requires no further information for recom- 
mending a pacing-mode, and proceeds to recommend DDD (dual-chamber pacing and dual-chamber sensing with 
rate modulation due to atrial tracking) pacing mode for the hypothetical patient. Significantly, the recommendation is 
accompanied by a •comment" and "references" to scientific articles that explain the reasoning behind the recommen- 
dation, and provide the operator with original literature for further consultation. 

As mentioned previously, the decision tree of FIGS. 5 and 6 provides a multi-linear rule set, which is to say that 
each of its conclusions (branch tips) is the result of specific answers to a set of questions arranged in a predetermined 
order. To generate such a tree, a set of questions are ordered, ideally from most general to most specific, and the 
system would lead the operator through the questions in that order. However, when multiple factors affect the operations 
of a device interdependent^, as in the case for most implantable cardiac stimulating devices, the ranking of different 
questions becomes an exceedingly difficult and often subjective process. To overcome such problems, the rule sets 
may arrange a set of questions in an interdependent manner, such that each question appears not in a hierarchical 
order but depending on the history of the answers given previously. 

Thus in some embodiments of the rule sets in accordance with this invention, the order in which questions are 
posed is neither predetermined nor linear. Such rule sets are well known (see, for example, P.H. Winston Artificial 
Intelligence 2nd Ed., Addison Wesley, pp, 166-204 (1 984)) and can be implemented using programming subroutines 
in artificial intelligence (Al) shells based on any of the well known computer programming languages. 

Thus, it is seen that a decision support system is provided that can aid physicians in selection and adjustment of 
appropriate parameters in implantable cardiac stimulating devices. This decision support system not only aids the 
physician in optimizing the operations of an implantable cardiac stimulating device, but also provides a bibliographic 
reference system to facilitate the decision making process. One skilled in the art will appreciate that the present inven- 
tion can be practiced by other than the described embodiments, which are presented for purposes of illustration and 
not of limitation, and the present invention is limited only by the claims which follow. 
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APPENDIX 
Mode Selection Conclusion l 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient f s need for a pacemaker 
be infrequent? 

Yes. 

3. Is the indication for pacing a 
neuroregulatory abnormality such as malignant vasovagal 
syncope or hypersensitive carotid sinus syndrome? 

Yes, 

Recommended Mode: DDI 

Comment: These patients usually have a 
vasodepressor component in addition to bradycardia. 
They need maintenance of atrial transport in addition to 
rate support but they do not require atrial pacing [l]. 

Reference [l]: Fitzpatrick, A. et al., "Dual- 
Chamber Pacing Aborts Vasovagal Syncope Induced by 
Headup 60° Tilt," Pace 1991; 14; 13-19. 

Mode Selection Conclusion 2 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

Yes. 
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3. Is the indication for pacing a 
neuroculatory abnormality such as malignant vasovagal 
syncope or hypersensitive carotid sinus syndrome? 

No. 

Recommended Mode: WI with hysteresis 

Comment: WI with hysteresis will prevent asystole 
but otherwise prevent the pacemaker from interfering 
with the patient's intrinsic rhythm. The limitation of 
this mode is that it does not allow for progression of 
conduction system disease when pacing may be required 
frequently at which point restoration of AV synchrony or 
rate modulation may be of value for the patient. 

Mode Selection Conclusion 3 

1. Does the patient need a pacemaker? 
Yes. 

2, Will the patients need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

Yes. 

Recommended Mode: WI 

Comment: Despite the very limited functional 
status of the patient, one should carefully evaluate the 
effect of ventricular pacing on blood pressure and 
cardiac output. These patients may have pacemaker 
syndrome at which time, WI pacing can worsen this 
clinical status, and despite their limited functional 
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existence, dual pacing nay be necessary if pacing and 
therapy is recommended . 

Mode Selection Conny..:*^ a 

1. Does the patient need a pacemaker? 
Yes. 



2. Will the patient's need for a pacemaker 
be infrequent? 

No. 



4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Chronic. 

6. Does the Ventricular rate increase with 
physiologic stress? 

Yes. 

Recommended Mode: wi Alternate: wir 

Comment: While base rate pacing is all that is 
required at the time of implantation, progression of AV 
nodal conduction disease due to intrinsic pathologic 
processes or medications may render the patient 
chronotropically incompetent in the future. Rate 
modulated capability will allow for management of all 
options. 

Mode Se lection Conclusion «; 
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1. Does the patient need a pacemaker? 
Ves. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Chronic, 

6. Does the Ventricular rate increase with 
physiologic stress? 

No. 

Recommended Mode: WIR 

Comment: In patients whose ventricular rate does 
not increase with stress, exercise tolerance will be 
improved with the addition of rate modulation [2]. 

Given the chronic atrial fibrillation, the only 
option is single chamber ventricular pacing. 

Reference [2J: Humen, O.P. et al., "Activity- 
Sensing Rate-Responsive Pacing: Improvement in 
Myocardial Performance with Exercise," Pace , 1985; 8: 
52-59. 
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Lau, CP. et al., "Syraptomology and Quality of Life 
in Patients with Rate-responsive Pacemaker: a Double- 
Blind Study," Cliniqal C?r<UQ)ogy, 1989/ 12: 505-512. 

Lau, CP, et al., "Ventricular Rate-Adaptive Pacing 
in the Elderly,' European Heart Journal, 1992; 13: 908- 
913. 

Mode Selection Conclusion 6 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial Fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery 
time) 

3. During Sinus rhythm due to marked 
bradycardia 

1 only. 

Recommended Mode: DDI(R) Alternate: WI 
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Second alternative: WIR 

Comment: DDI (R) : As the atrial fibrillation is 
intermittent, one might want to consider the DDI mode. 
This will not track the fibrillatory wave, but will 
provide back-up ventricular pacing support when AV Block 
is present during Atrial Fibrillation. During sinus 
rhythm, it will provide atrial pacing which may 
stabilize the atrial rhythm and prevent or minimize the 
episodes of fibrillation (3). 

While base rate pacing is all that is required at 
the time of implantation, progression of AV nodal 
conduction disease due to intrinsic pathologic processes 
or medications may render the patient chronotropically 
incompetent in the future. Rate modulated capability 
will allow for management of all options. 

For WI: The patient only needs pacing during 
atrial fibrillation, hence for AV block at this time, 
the only mode which will be effective is WL 

For WIR: If the level of AV block is persistent 
during atrial fibrillation, consider a WIR unit to 
improve exercise tolerance at these times. However, a 
WIR may also increase its rate when the patient is in 
sinus rhythm, usurping control of the ventricle and 
induce pacemaker syndrome. The best mode to treat all 
options is DDIR. 

Reference [3]: Bana, G. et al., "DDI Pacing in the 
Bradycardia-Tachycardia Syndrome," Pace , 1990; 13: 264- 
270. 

Markewitz, A. et al., "What is the Most Appropriate 
Stimulation Mode in Patients with Sinus Node 
Dysfunction?" face , 1986; 9: 1115-1120. 
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Mode S election Conclusion 7 

1- Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 



4. is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent 

7. When is the pacemaker required? 

1. During Atrial Fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 
bradycardia 

2 only. 



8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 



12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

Recommended Mode: DDI Alternate: DDIR 
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Comment: Although AV block is not present 
initially, pharmacologic therapy needed to control the 
ventricular response to the atrial fibrillation may 
unmask AV block, making single chamber AAl pacing 
unsafe. This same pharmacologic therapy may blunt 
chronotropic responsiveness warranting rate modulation. 

Given the hyper trophied, non-compliant ventricle, 
one wants to maintain AV synchrony as much as possible 
when the atrium is NOT fibrillation. Hence Wl and WIR 
are not appropriate in this setting. 

While base rate pacing is all that is required at 
the time of implantation, progression of sinus or AV 
nodal conduction disease due to intrinsic pathologic 
processes or medications may render the patient 
chronotropically incompetent in the future. Rate 
modulated capability will allow for management of all 
options. 

Mode Selection Conclusion 8 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
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Intermittent, 

7. When is the pacemaker required? 

1. During Atrial Fib, 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3- During Sinus rhythm due to marked 

bradycardia 
2 only. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes, 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
Yes. 

Recommended Mode: DDI Alternate: DDDR 

Comment: Pharmacologic therapy needed to control 
the ventricular response to the atrial fibrillation may 
exacerbate AV block, making single chamber AAI pacing 
unsafe. This same pharmacologic therapy may blunt 
chronotropic responsiveness warranting rate modulation. 

As the atrial fibrillation is intermittent, one 
might want to consider the DDI mode. This will not 
track the fibrillatory wave, but will provide back-up 
ventricular pacing support when AV Block is present 
during atrial fibrillation. During sinus rhythm, it 
will provide atrial pacing which may stabilize the 
atrial rhythm and prevent or minimize episodes of 
fibrillation (3). 

As the DDD mode tracks endogenous atrial activity, 
DDDR is the optimum mode but only when the MTR and MSR 
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can be independently programmed, A low MTR is chosen to 
minimize the rate increase when the atrial fibrillation. 
During activity, a high MSR allows an appropriate 
increase in rate. In the absence of this capability, 
choose DDIR. 

The only time the patient requires pacing is for 
protection against asystole episodes associated with the 
prolonged sinus node recovery time following conversion 
to MSR from atrial fibrillation. Given the concern 
about AV Block, dual chamber base rate pacing is 
recommended. However, this does not protect the patient 
against progression of disease or further compromise 
from required medications. 

Given the hypertrophied, non-complaint ventricle, 
one wants to maintain AV synchrony as much as possible 
when the atrium is NOT fibrillation? Hence WI and WIR 
are not appropriate in this setting. 

While base rate pacing is all that is required at 
the time of implantation, progression of sinus or AV 
nodal conduction disease due to intrinsic pathologic 
processes or medications may render the patient 
chronotropically incompetent in the future. Rate 
modulated capability will allow for management of all 
options. 

Reference [3]: Bana, G. et al., "DDI Pacing in the 
Bradycardia-Tachycardia Syndrome," Pace . 1990; 13: 264- 
270. 

Markewitz, A. et al. r "What is the Most Appropriate 
Stimulation Mode in Patients with Sinus Mode in Patients 
with Sinus Node Dysfunction?" Pace . 1986; 9: 1115-1120. 
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Mode Selection Conclusion p 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No, 

4. rs the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5, Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. Ouring Atrial Fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 
bradycardia 

2 only. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

Yes. 
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12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
Yes, 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended Mode: DDI (R) Alternate: DDD(R) 

Comment: The only time the patient requires pacing 
is for protection against asystole episodes associated 
with the prolonged sinus node recovery time following 
conversion to MSR from atrial fibrillation. Given the 
concern about AV Block, dual chamber base rate pacing is 
recommended. However, this does not protect the patient 
against progression of disease or further compromise 
from required medications [2). 

Pharmacologic therapy needed to control the 
ventricular response to the atrial fibrillation may 
exacerbate AV block making single chamber AAI pacing 
unsafe. This same pharmacologic therapy may blunt 
chronotropic responsiveness warranting rate modulation. 

The persistent sinus bradycardia requires both 
atrial pacing and rate modulation. As pharmacologic 
therapy to control the ventricular response to atrial 
fibrillation, dual chamber pacing in the form of DDIR 
will provide back-up ventricular support should AV block 
develop. 

With documented pacemaker syndrome — whether it be 
during ventricular pacing or its functional equivalent 
(a junctive rhythm with loss of AV synchrony, PVCs: with 
retrograde conduction) it is essential to maintain an 
appropriate atrio-ventricular contraction sequence [3). 
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While base rate pacing is all that is required at 
the time of implantation, progression of sinus or AV 
nodal conduction disease due to intrinsic pathologic 
processes or medications may render the patient 
chronotropically incompetent in the future. Rate 
modulated capability will allow for management of all 
options. 

As the ODD mode tracks endogenous atrial activity, 
DDDR is the optimum mode but only when the MTR and MSR 
can be independently programmed, A low MTR is chosen to 
minimize the rate increase when inatrial fibrillation. 
During activity, a high MSR allows an appropriate 
increase in rate. In the absence of this capability, 
choose DDIR. 

Reference [3]: Bana, G. et al., "DDI Pacing in the 
Bradycardia-Tachycardia Syndrome," Pace . 1990; 13: 264- 
270, 

Markewitz, A. et al., "What is the Most Appropriate 
Stimulation Mode in Patients with Sinus Node 
Dysfunction?" Pace . 1986; 9: 1115-1120. 

Reference (4J: Barold, S.S., "Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome," Cardio, 1991; 8: 
(Sept) 36-51. 

Heldman, D. et al., "True Incidence of Pacemaker 
Syndrome," Pace . 1990; 13: 1742-1750. 

Aussbel, U., Furman, S., "The Pacemaker Syndrome, 
Ann (?) Internal Medicine,* 1985; 103: 420-429. 

Mode Selection Conclusion 10 
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1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial Fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 
bradycardia 

2 only. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 
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Recommended Mode: DDIR Alternate: DDDR 

Comment: The persistent sinus bradycardia requires 
both atrial pacing and rate modulation. As 
pharmacologic therapy to control the ventricular 
response to atrial fibrillation, dual chamber pacing in 
the form of DDIR will provide back-up ventricular 
support should AV block develop. 

As the ODD mode tracks endogenous atrial activity, 
DDDR is the optimum mode but only when the MTR and MSR 
can be independently programmed. A low MTR is chosen to 
minimize the rate increase when inatrial fibrillation. 
During activity, a high MSR allows an appropriate 
increase in rate. In the absence of this capability, 
choose DDIR. 

While base rate pacing is all that is required at 
the time of implantation, progression of AV nodal 
conduction disease due to intrinsic pathologic processes 
or medications may render the patient chronotropically 
incompetent in the future. Rate modulated capability 
will allow for management of all options. 

Mode Selection Conclusion n 

1- Does the patient need a pacemaker? 
Yes. 

2. Will 'the patients need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 
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No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

When is the pacemaker required? 

1. During Atrial Fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 
bradycardia 

2 only. 

Is there a hypertrophied, non-compliant 
No. 

Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: AAI Alternate: DDI 

Comment: The persistent sinus bradycardia requires 
both atrial pacing and rate modulation. As 
pharmacologic therapy to control the ventricular 
response to atrial fibrillation, dual chamber pacing in 
the form of DDIR will provide back-up ventricular 
support should AV block develop. 

Mode Selection Con clusion 



8. 

ventricle? 
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1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial Fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 
bradycardia 

2 only. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 
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Recommended mode: AAIR Alternate: DDIR 

Comment: The persistent sinus bradycardia requires 
both atrial pacing and rate modulation. As 
pharmacologic therapy to control the ventricular 
response to atrial fibrillation, dual chamber pacing in 
the form of DDIR will provide back-up ventricular 
support should AV block develop. 

While base rate pacing is all that is required at 
the time of implantation, progression of AV nodal 
conduction disease due to intrinsic pathologic processes 
or medications may render the patient chronotropically 
incompetent in the future. Rate modulated capability 
will allow for management of all options. 

Mode Selection Conclusion 13 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 
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1. During Atrial Fib, 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 
bradycardia 

1 and 2. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: DODR Alternate: ODD 

Comment: Despite the atrial fibrillation, 
the presence of AV block mandates DDD pacing. To 
minimize tracking the high rate during the atrial 
fibrillation but still allowing for an appropriate rate 
increase with exercise, choose DDDR in a system with 
independently programmable MTR and MSR. 

As the DDD mode tracks endogenous atrial activity, 
DDDR is the optimum mode but only when the MTR and MSR 
can be independently programmed. A low MTR is chosen to 
minimize the rate increase when inatrial fibrillation. 
During activity, a high MSR allows an appropriate 
increase in rate. In the absence of this capability, 
choose DDIR. 
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Given the hypertrophied, non-compliant ventricle, 
one wants to maintain AV synchrony as much as possible 
when the atrium is NOT fibrillation- Hence WI and WIR 
are not appropriate in this setting. 

Mode Selection Conclusion 14 

1. Does the patient need a pacemaker? 
Yes. 

2. will the patient f s need for a pacemaker 
be infrequent? 

No. 



4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 



5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 



7. When is the pacemaker required? 

1. During Atrial Fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 
bradycardia 

1 and 2. 



8, Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
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Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

Recommended mode: DOOR 

Comment: Despite the atrial fibrillation, the 
presence of AV block mandates ODD pacing. To minimize 
tracking the high rate during the atrial fibrillation 
but still allowing for an appropriate rate increase with 
exercise, choose DDDR in a system with independently 
programmable MTR and MSR. 

As the DDD mode tracks endogenous atrial activity, 
DDDR is the optimum mode but only when the MTR and MSR 
can be independently programmed. A low MTR is chosen to 
minimize the rate increase when the atrial fibrillation. 
During activity, a high MSR allows an appropriate 
increase in rate. In the absence of this capability, 
choose DDIR. 

Given the hypertrophied, non-compliant ventricle, 
one wants to maintain AV synchrony as much as possible 
when the atrium is NOT fibrillation. Hence WI and WIR 
are not appropriate in this setting. 

Mode Selection C onclusion 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 
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4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent) ? 

Intermittent. 

7. When is the pacemaker required? 
1. During Atrial Fib. 
2« Immediately after conversion (i.e. 

prolonged Sinus Node recovery time) 
3. During Sinus rhythm due to marked 

bradycardia 
1 and 2. 



8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 



12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: DDI Alternate: DDIR 

Comment: The fact that pacing support is required 
during periods of atrial fibrillation indicating that 
there is some degree of VA block, even if only at very 
rapid atrial rates at which time back-up ventricular 
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pacing is required. Thus AAI would not be appropriate 
in this setting. 

As the atrial fibrillation is intermittent, one 
might want to consider the DDI mode. This will not 
track the f ibrillatory wave, but will provide back-up 
ventricular pacing support when AV Block is present 
during atrial fibrillation. During sinus rhythm, it 
will provide atrial pacing which may stabilize the 
atrial rhythm and prevent or minimize the episodes of 
fibrillation [3]. 

Given the hypertrophied, non-compliant ventricle, 
one wants to maintain AV synchrony as much as possible 
when the atrium is NOT fibrillation. Hence WI and WIR 
are not appropriate in this setting. 

While base rate pacing is all that is required at 
the time of implantation, progression of AV nodal 
conduction disease due to intrinsic pathologic processes 
or medications may render the patient chronotropically 
incompetent in the future. Rate modulated capability 
will allow for management of all options. 

Mode Sele ction Conclusion 16 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 
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Mo. 



5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

?• When is the pacemaker required? 

1. During Atrial Fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 



bradycardia 



ventricle? 



1 and 2. 

8. Is there a hypertrophied, non-compliant 
Yes. 



12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

Recommended Mode; DDIR 

Comment: The fact that pacing support is required 
during periods of atrial fibrillation indicating that 
there is some degree of VA block, even if only at very 
rapid atrial rates at which time back-up ventricular 
pacing is required. Thus AAI would not be appropriate 
in this setting. 

As the atrial fibrillation is intermittent, one 
might want to consider the DDI mode. This will not 
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track the fibrillatory wave, but will provide back-up 
ventricular pacing support when AV Block is present 
during atrial fibrillation. During sinus rhythm, it 
will provide atrial pacing which may stabilize the 
atrial rhythm and prevent or minimize episodes of 
fibrillation. 

Given the hypertrophied, non-compliant ventricle, 
one wants to maintain AV synchrony as much as possible 
when the atrium is NOT fibrillation. Hence WI and WIR 
are not appropriate in this setting. 

Mode Selection Conclusion 17 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patients need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 
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1 and 2. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

Ves. 

Recommended Mode: DDO Alternate: DDDR 

Comment: Despite the atrial fibrillation, presence 
of AV block mandates ODD pacing. To minimize tracking 
the high rate during the atrial fibrillation but still 
allowing for an appropriate rate increase with exercise, 
choose DDDR in a system with independently programmable 
MTR and MSR. 

The only time the patient requires pacing is for 
protection against asystole episodes associated with the 
prolonged sinus node recovery time following conversion 
to MSR from atrial fibrillation. Given the concern 
about AV Block, dual chamber base rate pacing is 
recommended. However , this does not protect the patient 
against progression of disease or further compromise 
from required medications [3]. 

As the DDD mode tracks endogenous atrial activity, 
DDDR is the optimum mode but only when the MTR and MSR 
can be independently programmed. A low MTR is chosen to 
minimize the rate increase when inatrial fibrillation. 
During activity, a high MSR allows an appropriate 
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increase in rate. In the absence of this capability, 
choose DDIR. 

While base rate pacing is all that is required at 
the time of implantation, progression of AV nodal 
conduction disease due to intrinsic pathologic processes 
or medications may render the patient chronotropically 
incompetent in the future. Rate modulated capability 
will allow for management of all options. 

Reference [3]: Bana, G. et al., "DDI Pacing in the 
Bradycardia-Tachycardia Syndrome," Pace . 1990; 13: 264* 
270. 

Markewitz, A. et al., -What is the Most Appropriate 
Stimulation Mode in Patients with Sinus Node 
Dysfunction?" Pace . 1986; 9: 1115-1120. 
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Mode Selection Conclusion 18 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 2. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
Yes. 

10. Does Atrial rate increase with 
physiologic stress? 
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No. 

Recommended mode: DODR 

Comment: Despite the atrial fibrillation, presence 
of AV block mandates ODD pacing. To minimize tracking 
the high rate during the atrial fibrillation but still 
allowing for an appropriate rate increase with exercise, 
choose DODR in a system with independently programmable 
MTR and MSR. 

As the ODD mode tracks endogenous atrial activity, 
DDDR is the optimum mode but only when the MTR and MSR 
can be independently programmed. A low MTR is chosen to 
minimize the rate increase when in atrial fibrillation. 

During activity, a high MSR allows an appropriate 
increase in rate. In the absence of this capability, 
choose DDIR. 

Mode Selection Conclusion iq 

1. Does the patient need a pacemaker? 
Yes. 



2. Will the patient's need for a pacemaker 
be infrequent? 

No. 



4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 
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7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 2. 

8. Is there a hypertrophied, non-compliant 
No. 



ventricle? 



12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: DDI Alternate: DDDR 

Comment: The fact that pacing support is required 
during periods of atrial fibrillation indicating that 
there is some degree of VA block, even if only at very 
rapid atrial rates at which time back-up ventricular 
pacing is required. Thus AAI would not be appropriate 
in this setting. 

While base rate pacing is all that is required at 
the time of implantation, progression of sinus or AV 
nodal conduction disease due to intrinsic pathologic 
processes or medications may render the patient 
chronotropically incompetent in the future. Rate 
modulated capability will allow for management of all 
options. 
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Mode Selection Conclusion 20 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

NO. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 2. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

10. Does Atrial rate increase with 
physiologic stress? 
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No. 

Recommended mode: AAIR Alternate: DDIR 

Comment: As the ODD mode tracks endogenous atrial 
activity, DDDR is the optimum mode but only when the MTR 
and MSR can be independently programmed. A low MTR is 
chosen to minimize the rate increase when in atrial 
fibrillation. Ouring activity, a high MSR allows an 
appropriate increase in rate, in the absence of this 
capability, choose DDIR. 

While base rate pacing is all that is required at 
the time of implantation, progression of sinus or AV 
nodal conduction disease due to intrinsic pathologic 
processes or medications may render the patient 
chronotropically incompetent in the future. Rate 
modulated capability will allow for management of all 
options. 

Mode Selection C onclusion 21 

1. Does the patient need a pacemaker? 
Yes. 

2. will the patient's need for a pacemaker 
be infrequent? 

No. 

4, Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
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Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
elongated Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

3 only. 

8. Is there a hypertrophied, non-compliant 
ventricle? Yes. 

10, Does Atrial rate increase with 
physiologic stress? 

No. 

Recommended mode: AAIR Alternate: DDIR 

Comment: Given the hypertrophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
possible when the atrium is NOT fibrillation. Hence WI 
and WIR are not appropriate in this setting. 

Mode Selection Conclusion 2? 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient 9 s need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 
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No. 



5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
elongated Sinus Node recovery time) 

3. During Sinus rhythm due to marked 



bradycardia 



ventricle? 



3 only. 

8. Is there a hypertrophied, non-compliant 
No. 



9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

Recommended mode: AAIR Alternate: DDIR 

Comment: With documented pacemaker syndrome - 
whether it be during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVCS: with retrograde conduction) it is 
essential to maintain an appropriate atrio-ventricular 
contraction sequence [4]. 
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Reference (4]: Barold, S.S., -Cardiac Pacing 
Hemodynamics; The Pacemaker Syndrome," Cardig , 1991; 
8: (Sept) 36-51. 

Heldman, D. et al., "True Incidence of Pacemaker 
Syndrome," Pace . 1990; 13: 1742-1750. 

Aussbel, U. , Furraan, S., M The Pacemaker Syndrome, 
Ann (?) Internal Medicine," 1985; 103: 420-429. 

Mode Selection Conclusion 23 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

6. Does the Ventricular rate increase with 
physiologic stress? 

N/A. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
elongated Sinus Node recovery time) 
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3. During Sinus rhythm due to marked 

bradycardia 

3 only. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

Recommended mode: WIR Alternate; DDIR 
Mode Selection Conclusion 24 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
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Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
elongated Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

3 only, 

8. Is there a hypertrophied, non-compliant 
ventricle? Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: AAI Alternate: DDI 

Comment: Given the hypertrophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
possible when the atrium is NOT fibrillation. Hence WI 
and WIR are not appropriate in this setting. 

Mode Selection Conclusion 2 5 

1. Does the patient need a pacemaker? 
Yes. 

2. will the patient f s need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 
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No. 



5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
elongated Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

3 only. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

NO. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure , retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: AAI Alternate: DDI 

Comment: With documented pacemaker syndrome - 
whether it be during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVCS: with retrograde conduction) it is 
essential to maintain an appropriate atrio-ventricular 
contraction sequence [4J. 
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Reference (4 J: Barold, S.S., "Cardiac Pacing 
Hemodynamics: the Pacemaker Syndrome, " Cardio , 1991; 8: 
(Sept) 36-51. 

Heldraan, D. et al., "True Incidence of Pacemaker 
Syndrome f " pace . 1990; 13: 1742-1750. 

Aussbel, U., Furman, S., "The Pacemaker Syndrome, 
Ann (?) Internal Medicine," 1985; 103: 420-429. 

Mode Selection Conclusion 26 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent, 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
elongated Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

3 only. 
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8. Is there a hypertrophied # non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

No. 

10- Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: WI Alternate: AAI , DDI 
Mode Selection Conclusion 27 

1. Does the patient need a pacemaker? 
Yes. 

2. will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 
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1. During Atrial fib, 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 3. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: DDD Alternate: DDDR 

Comment: As the DDD mode tracks endogenous atrial 
activity, DDDR is the optimum mode but only when the MTR 
and MSR can be independently programmed. A low MTR is 
chosen to minimize the rate increase when in atrial 
fibrillation. During activity, a high MSR allows an 
appropriate increase in rate. In the absence of this 
capability, choose DDIR. 

While base rate pacing is all that is required at 
the time of implantation, progression of sinus or AV 
nodal conduction disease due to intrinsic pathologic 
processes or medications may render the patient 
chronotropically incompetent in the future. Rate 
modulated capability will allow for management of all 
options. 
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Given the hypertrophied, non-compliant ventricle, 
one wants to maintain AV synchrony as much as possible 
when the atrium is NOT fibrillation. Hence wi and WIR 
are not appropriate in this setting. 

The fact that pacing support is required during 
periods of atrial fibrillation indicating that there is 
some degree of VA block, even if only at very rapid 
atrial rates at which time back-up ventricular pacing is 
required. Thus AAI would not be appropriate in this 
setting. 

Mode Selection Conclusion 28 

1. Does the patient need a pacemaker? 
Yes. 

2. will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 
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1 and 3. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

Recommended mode: DOOR 

Comment: Given the hypertrophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
possible when the atrium is NOT fibrillation. Hence WI 
and WIR are not appropriate in this setting. 

ftode SelectiQn Conclusion 29 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient" s need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
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Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 3. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: DDI Alternate: DDIR 

Comment: Given the hypertrophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
possible when the atrium is NOT fibrillation. Hence WI 
and WIR are not appropriate in this setting. 

While base rate pacing is all that is required at 
the time of implantation, progression of sinus or AV 
nodal conduction disease due to intrinsic pathologic 
processes or medications may render the patient 
chronotropically incompetent in the future. Rate 
modulated capability will allow for management of all 
options. 
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The fact that pacing support is required during 
periods of atrial fibrillation indicating that there is 
some degree of VA block, even if only at very rapid 
atrial rates at which time back-up ventricular pacing is 
required. Thus AAI would not be appropriate in this 
setting. 



Mode Selection Conclusion 30 



1. Does the patient need a pacemaker? 
Yes. 



2. Will the patient's need for a pacemaker 
be infrequent? 

No. 



4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 



No. 



5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 



7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 3. 



8. Is there a hypertrophied, non-compliant 

ventricle? 



52 



EP0 756 877 A2 



Yes. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

Recommended mode: DDIR 

Comment: As the ODD mode tracks endogenous atrial 
activity, DDDR is the optimum mode but only when the MTR 
and MSR can be independently programmed. A low MTR is 
chosen to minimize the rate increase when in atrial 
fibrillation. During activity, a high MSR allows an 
appropriate increase in rate. In the absence of this 
capability, choose DDIR. 

While base rate pacing is all that is required at 
the time of implantation, progression of AV nodal 
conduction disease due to intrinsic pathologic processes 
or medications may render the patient chronotropically 
incompetent in the future. A DDDR pacemaker will allow 
for management of all options. 

Given the hypertrophied, non-compliant ventricle, 
one wants to maintain AV synchrony as much as possible 
when the atrium is NOT in fibrillation. Hence WI and 
WIR are not appropriate in this setting. 

The fact that pacing support is required during 
periods of atrial fibrillation indicating that there is 
some degree of VA block, even if only at very rapid 
atrial rates at which time back-up ventricular pacing is 
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required. Thus AAI would not be appropriate in this 
setting. 

McKjie Rejection Cpncjlusjon 31 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No, 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3 . During Sinus rhythm due to marked 

bradycardia 

1 and 3. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
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Yes. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: DDDR 

Comment: As the DDO mode tracks endogenous atrial 
activity, DDDR is the optimum mode but only when the KTR 
and MSR can be independently programmed. A low MTR is 
chosen to minimize the rate increase when in atrial 
fibrillation. During activity, a high MSR allows an 
appropriate increase in rate. In the absence of this 
capability, choose DDIR. 

With documented pacemaker syndrome - whether it 
being during ventricular pacing or its functional 
equivalent (a junctive rhythm with loss of AV synchrony, 
PVC: with retrograde conduction) it is essential to 
maintain an appropriate atrio-ventricular contraction 
sequence (4). 

Reference [4): Barold, S.S. "Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome," Cardio . 1991; 8: 
(Sept) 36-51. 

Heldxnan, D. et al., "True Incidence of Pacemaker 
Syndrome, " pace , 1990; 13: 1742-1750. 

Aussbel, u., Furman, s., "The Pacemaker Syndrome, 
Ann (?) Internal Medicine, * 1985; 103: 420-429 • 
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Mode Selection Conclusion 32 

1. Ooes the patient need a pacemaker? 
Yes. 

2. Will the patient f s need for a pacemaker 
be infrequent? 

NO. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 3. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

Yes. 
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12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

Recommended mode: DODR 

Comment: As the DDD mode tracks endogenous atrial 
activity, DDDR is the optimum mode but only when the MTR 
and MSR can be independently programmed. A low MTR is 
chosen to minimize the rate increase when in atrial 
fibrillation. During activity , a high MSR allows an 
appropriate increase in rate. In the absence of this 
capability, choose DDIR. 

With documented pacemaker syndrome - whether it 
being during ventricular pacing or its functional 
equivalent (a junctive rhythm with loss of AV synchrony, 
PVC: with retrograde conduction) it is essential to 
maintain an appropriate a trio-ventricular contraction 
sequence (4J. 

Reference [4]: Barold, S.S., "Cardiac Pacing 
Hemodynamics: the Pacemaker Syndrome," Cardio . 1991; 8: 
(Sept) 36-51. 

Heldman, D. et al., "True Incidence of Pacemaker 
Syndrome, n Pace , 1990; 13: 1742-1750. 

Aussbel, U., Furman, S. , "The Pacemaker Syndrome, 
Ann (?) Internal Medicine," 1985; 103: 420-429. 
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Mode Selection Conclusion 33 



1. Does the patient need a pacemaker? 
Yes. 

2* Will the patient 1 s need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 3. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

Yes. 
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12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: DDI Alternate: DOIR or DOOR 

Comment: As the DOD mode tracks endogenous atrial 
activity, DOOR is the optimum mode but only when the MTR 
and MSR can be independently programmed. A low MTR is 
chosen to minimize the rate increase when in atrial 
fibrillation. During activity, a high MSR allows an 
appropriate increase in rate. In the absence of this 
capability, choose DDIR. 

With documented pacemaker syndrome - whether it 
being during ventricular pacing or its functional 
equivalent (a junctive rhythm with loss of AV synchrony, 
PVC: with retrograde conduction) it is essential to 
maintain an appropriate atrioventricular contraction 
sequence [4], 

While base rate pacing is all that is required at 
the time of implantation, progression of sinus or AV 
nodal conduction disease due to intrinsic pathologic 
processes or medications may render the patient 
chronotropically incompetent in the future. Rate 
modulated capability will allow for management of all 
options. 

Reference {4]: Barold, S.S., "Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome," Cardio , 1991; 8: 
(Sept) 36-51. 
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Heldman, D. et al,, "True Incidence of Pacemaker 
Syndrome, n Pace . 1990; 13: 1742-1750. 

Aussbel, U., Furman, S., "The Pacemaker Syndrome, 
Ann (?) Internal Medicine, " 1985; 103: 420-429. 

Mod? Selection CgnclMsjon 34 

1, Does the patient need a pacemaker? 
Yes. 

2. Will the patients need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No, 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. when is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 3. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 
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9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

Yes. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
No. 

10. Does Atrial rate increase with 
physiologic stress? 

NO. 

Recommended mode: 00IR 

Comment: With documented pacemaker syndrome - 
whether it being during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVC: with retrograde conduction) it is 
essential to maintain an appropriate atrio-ventricular 
contraction sequence [4]. 

The fact that pacing support is required during 
periods of atrial fibrillation indicating that there is 
some degree of VA block, even if only at very rapid 
atrial rates at which time back-up ventricular pacing is 
required. Thus AAI would not be appropriate in this 
setting. 

Reference (4J: Barold, S.S., "Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome," Cardio . 1991; 8; 
(Sept) 36-51 ♦ 

Heldroan, D. et al., "True Incidence of Pacemaker 
Syndrome," Pace , 1990; 13: 1742-1750. 
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Aussbel, U., Furman, S., "The Pacemaker Syndrome, 
Ann (?) Internal Medicine,* 1985; 103: 420-429. 

Mode Selection Conclusion 35 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient f s need for a pacemaker 
be infrequent? 

No, 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

NO. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 3. 

8. Is there a hyper trophied, non-compliant 
No. 



ventricle? 



9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
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cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

No- 
lo. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: DDI Alternate: DDIR 

Comment: While base rate pacing is all that is 
required at the time of implantation, progression of 
sinus or AV nodal conduction disease due to intrinsic 
pathologic processes or medications may render the 
patient chronotropically incompetent in the future. 
Rate modulated capability will allow for management of 
all options. 

The fact that pacing support is required during 
periods of atrial fibrillation indicating that there is 
some degree of VA block, even if only at very rapid 
atrial rates at which time back-up ventricular pacing is 
required. Thus AAI would not be appropriate in this 
setting. 

Mode Selection Conclusion 36 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient f s need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 
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No, 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

Intermittent. 

7. When is the pacemaker required? 

1. During Atrial fib. 

2. Immediately after conversion (i.e. 
prolonged Sinus Node recovery time) 

3. During Sinus rhythm due to marked 

bradycardia 

1 and 3. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

Recommended mode: DDI Alternate: DDIR 

Comment: While base rate pacing is all that is 
required at the time of implantation, progression of 
sinus or AV nodal conduction disease due to intrinsic 
pathologic processes or medications may render the 
patient chronotropically incompetent in the future. 
Rate modulated capability will allow for management of 
all options. 
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The fact that pacing support is required during 
periods of atrial fibrillation indicating that there is 
some degree of VA block, even if only at very rapid 
atrial rates at which time back-up ventricular pacing is 
required. Thus AAI would not be appropriate in this 
setting. 

Mode Selection Conclusion ?7 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No, 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction)? 

Neuroregulatory abnormality. 
Recommended mode: DDI 

Comment: A neuroregulatory abnormality causes 
syncope by one of two mechanisms. It inhibits the 
cardiac rate (both sinus slowing and AV block) and 
causes vasodilation. Pure cardioinhibitory effects can 
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be treated with WI pacing. More often, there is a 
combined mechanism at which time the vasodilation 
requires AV synchrony to minimize the hypotensive epi- 
sodes. These patients do not require atrial pacing - 
hence DDI mode [lj. 

Reference [ 1 ]: Fitzpatrick, A, et al., "Dual-Chamber 
Pacing Aborts Vasovagal Syncope Induced by Keadup 600 
Tilt," Pace 1991; 14: 13-19. 

Mode Selection Conclusion 38 

1. Does the patient need a pacemaker? 

Yes. 

2, Will the patients need for a pacemaker 
be infrequent? 

No, 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Normal . 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 
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Recommended mode: 



Reconsider need for pacemaker. 



Comment: Although the initial decision is that the 
patient required a pacemaker, based on the answers, 
there is no evidence for even intermittent sinus node 
dysfunction or AV block. Unless the pacemaker is being 
implanted prophylactically in which case answer the 
questions as if the reason for the pacemaker were 
manifest; reconsider the decision for permanent cardiac 
pacing. 

Mode Selection Conclusion: 39 



2. Will the patient's need for a pacemaker 
be infrequent? 

No. 



unaware of surroundings, in need of continual nursing 
care, etc? 



5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Normal. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 



1. 



Does the patient need a pacemaker? 
Yes. 



4. 



Is the patient mentally incompetent, 
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Yes. 

8- Is there a hypertrophied, non-compliant 

ventricle? 

Yes, 

13- Is the sinus rate likely to exceed the 
maximum tracking rate? 

Yes. 

Recommended mode: ODOR Alternate: DDD 

Comment: Although sinus node function may be 
normal, if the sinus rate exceeds the MTR, the patient 
may be limited by the loss of appropriate AV synchrony 
during normal upper rate behavior. Choosing DODR will 
allow for sensor-driven rate smoothing [5]. 

Given the hypertrophied, non-compliant ventricle, 
one wants to maintain AV synchrony as much as possible 
when the atrium is NOT fibrillation. Hence WI and WIR 
are not appropriate in this setting. 

Reference {5]: Higano, S. T. , Hayes, D. L. , Elsinger, 
G., "Sensor-Driven Rate Smoothing in a DODR Pacemaker," 
Pace . 1989; 12: 922-929. 

Mode Selection Con clusion 40 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 
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4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5, Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None, 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Norma 1 . 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

Yes. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 

13. Is the sinus rate likely to exceed the 
maximum tracking rate? 

No. 

Recommended mode: ODD 

Comment: Given the hypertrophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
possible when the atrium is NOT fibrillation. Hence 
WI and WIR are not appropriate in this setting. 
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Mode Selection Con clusion 41 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroculatory abnormality, Normal, Sinus Node 
dysfunction)? 

Normal. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

Yes. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
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Yes. 

13. Is the sinus rate likely to exceed the 
maximum tracking rate? 

Yes. 

Recommended mode: DDDR Patient Disc: 

Comment: With documented pacemaker syndrome - 
whether it being during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVC: with retrograde conduction) it is 
essential to maintain an appropriate atrio-ventricular 
contraction sequence [4). 

Reference [4]: Barold, S.S., "Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome," Cardio . 1991; 8: 
(Sept) 36-51. 

Heldman, D. et al., "True Incidence of Pacemaker 
Syndrome," Pace , 1990; 13: 1742-1750. 

Aussbel, U., Furman, S., "The Pacemaker Syndrome, Ann 
(?) Internal Medicine," 1985; 103 : 420-429, 

Mode Selection Conclusion 4 2 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4* Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 
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No. 



5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction)? 

Normal. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

Yes. 



8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 



9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
Yes, 

13. Is the sinus rate likely to exceed the 
maximum tracking rate? 

No. 

Recommended mode: DDD 
Patient Disc: 

Comment: With documented pacemaker syndrome - 
whether it being during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVC: with retrograde conduction) it is 
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essential to maintain an appropriate atr io-ventricular 
contraction sequence [4]. 

Reference [4]: Barold, s.s., "Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome," Cardio . 1991; 8 
(Sept) 36-S1. 

Heldman, D. et al., *True Incidence of Pacemaker 
Syndrome, * Pace , 1990; 13: 1742-1750. 

Aussbel, U., Furman. S,, -The Pacemaker Syndrome, Ann 
(?) Internal Medicine," 1985; 103: 420-429* 

Mode Selection Conclusion di 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroculatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Normal. 
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12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
yes. 



8. is there a hypertrophied, non-compliant 

ventricle? 

No. 



9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
No. 

13. Is the sinus rate likely to exceed the 
maximum tracking rate? 

Yes. 

Recommended mode: DODR 
Mode Selection Conclusion 44 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patients need for a pacemaker 
be infrequent? 

No. 

4. is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

NO. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
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None. 

11 . What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, sinus Node 
dysfunction) ? 

Normal. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

Yes. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

No. 

13. Is the sinus rate likely to exceed the 
maximum tracking rate? 

No. 

Recommended mode: ODD 
Mode Selection Conclusion 45 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 
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4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Sinus Node dysfunction. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 

14. Is AV node function normal even at higher 

rates? 

Yes. 

Recommended mode: AAIR 

Comment: Given the hypertrophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
possible when the atrium is NOT fibrillation. Hence WI 
and WIR are not appropriate in this setting. 
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Mode Selection Conclusion 46 



1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient 1 s need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

NO. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Sinus Node dysfunction. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 
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14. Is AV node function normal even at higher 

rates? 

No. 

Recommended mode: DOIR 

Comment: Given the hyper trophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
possible when the atrium is NOT fibrillation. Hence WI 
and WIR are not appropriate in this setting. 

Mode Selection con clusion d? 

I. Ooes the patient need a pacemaker? 
Yes. 



2. Will the patient's need for a pacemaker 
be infrequent? 

No. 



4. Is the patient r.entally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction)? 

Sinus Node dysfunction. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 
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No. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

Is there a hyper trophied, non-compliant 
No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
Yes. 

14. Is AV node function normal even at higher 

rates? 

Yes. 

Reconunended mode: AAIR Patient Disc: 

Comment: With documented pacemaker syndrome 
whether it being during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVC: with retrograde conduction) it is 
essential to maintain an appropriate atrio-ventricular 
contraction sequence (4). 

Reference (4): Barold, S.S., "Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome," Cardio . 1991; 
8: (Sept) 36-51. 

Heldman, et al. # "True Incidence of Pacemaker 
Syndrome," P?ce , 1990; 13: 1742-1750, 



8. 

ventricle? 
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Aussbel, U., Furman, S., -The Pacemaker Syndrome, Ann 
(?) Internal Medicine," 1985; 103: 420-429. 

Mode Selection Conclusion 4fl 

1. Does the patient need a pacemaker? 

Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4- Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Sinus Node dysfunction- 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

8. Is there a hypertrophied, non-compliant 

ventricle? 
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No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
Yes. 

14. Is AV node function normal even at higher 

rates? 

No. 

Recommended mode: DDIR Patient Disc: 

Comment: With documented pacemaker syndrome 
whether it being during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVC: with retrograde conduction) it is 
essential to maintain an appropriate atrio-ventricular 
contraction sequence [4]. 

Reference (4): Barold, S.S., "Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome, * Cardio . 1991; 
08: (Sept) 36-51, 

Heldman, D. et al., "True Incidence of Pacemaker 
Syndrome," Pace . 1990; 13: 1742-1750. 

Aussbel, U., Furman, S., "The Pacemaker Syndrome, Ann 
(?) Internal Medicine," 1985; 103: 420-429. 

Mode Selection Conclusion 49 

1. Does the patient need a pacemaker? 
Yes. 
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2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal , Sinus Node 
dysfunction) ? 

Sinus Node dysfunction. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

NO. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

No. 
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14. Is AV node function normal even at high* 

rates? 

Yes. 



Recommended mode: AAIR 
Mode Selection Co nclusion sn 



1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Sinus Node dysfunction. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 



10. Does Atrial rate increase with 
physiologic stress? 

No. 
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Is there a hypertrophied, non-compliant 
No. 

Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fail in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
No. 

14, Is AV node function normal even at higher 

rates? 

No. 

Recommended mode: DDIR 
Mode Se lection Conclusion 51 



8. 

ventricle? 



i. Does the patient need a pacemaker? 
Yes. 



2. Will the patient's need for a pacemaker 
be infrequent? 

No. 



4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 



No. 



5- Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
None. 
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11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Sinus Node dysfunction. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 



14. Is AV node function normal even at higher 

rates? 

Yes. 



Recommended Mode: AAI 



Comment: Given the hypertrophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
possible when the atrium is NOT fibrillation. Hence WI 
and WIR are not appropriate in this setting. 

Mode Selection Conclusion 52 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patients need for a pacemaker 
be infrequent? 
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No. 



4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No, 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None, 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Sinus Node dysfunction. 

12, Is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 

14. Is AV node function normal even at higher 

rates? 

NO. 

Recommended Mode: DDD 

Comment: Given the hypertrophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
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possible when the atrium is NOT fibrillation. Hence WI 
and WIR are not appropriate in this setting. 

Mode Selection Conclusion 53 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient f s need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction)? 

Sinus Node dysfunction. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

8. Is there a hypertrophied, non-compliant 

ventricle? 
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No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
Yes. 

14. Is AV node function normal even at higher 

rates? 

Yes. 

Recommended mode: AAI Patient Disc: 

Comment: With documented pacemaker syndrome - 
whether it being during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVC: with retrograde conduction) it is 
essential to maintain an appropriate atrio-ventricular 
contraction sequence [4). 

Reference [4]: Barold, S.S., -Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome," Cardio r 1991; 8: 
(Sept) 36-51. 

Heldman, D. et al., "True Incidence of Pacemaker 
Syndrome," Pace . 1990; 13: 1742-1750. 

Aussbel, U., Furman, S., *The Pacemaker Syndrome, Ann 
(?) Internal Medicine, m 1985; 103: 420-429. 

Mode Selection Con clusion 54 



1. Does the patient need a pacemaker? 
Yes. 
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2* Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No, 

5* Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Sinus Node dysfunction. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

Yes. 
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14. Is AV node function normal even at higher 

rates? 

No. 

Recommended Mode: ODD 

Comment: With documented pacemaker syndrome - 
whether it being during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVC: with retrograde conduction) it is 
essential to maintain an appropriate atrio-ventricular 
contraction sequence [4). 

Reference [4]: Barold, S.S., "Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome, " Cardio . 1991; 8: 
(Sept) 36-51. 

Heldman, D. et al., "True Incidence of Pacemaker 
Syndrome," Pace . 1990; 13: 1742-1750. 

Aussbel, U., Furman, *The Pacemaker Syndrome, Ann 

(?) Internal Medicine," 1985; 103: 420-429. 

Mode Selection Conclusion 55 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 
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5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 
None. 

11. What is the status of the sinus rhythm 
(Neuroculatory abnormality, Normal, Sinus Node 
dysfunction)? 

Sinus Node dysfunction 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 



8. is there a hyper trophied, non-compliant 

ventricle? 

No. 



9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
No. 

14. Is AV node function normal even at higher 

rates? 

Yes. 

Recommended Mode: AAI 
Mode Selection callus lgn ^ 
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1, Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction)? 

Sinus Node dysfunction. 

12. is AV Block present or is the patient on 
medications likely to cause AV Block? 

No. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 



8. is there a hyper trophied, non-compliant 

ventricle? 

No. 



9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
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No, 



14. Is AV node function normal even at highet 

rates? 

NO. 



Recommended Mode: DDD 
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Mode Selection Conclusion 57 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patients need for a pacemaker 
be infrequent? 

NO. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction)? 

Sinus Node dysfunction 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 

Recommended Mode: DDDR 
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Comment: Given the hypertrophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
possible when the atrium is NOT f ibrillation. Hence WI 
and WIR are not appropriate in this setting. 

Mode Se lection Conclusion 58 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Sinus Node dysfunction 

12. is AV Block present or is the patient on 
medications likely to cause AV Block? 

Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 
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8- Is there a hyper trophied, non-compliant 

ventricle? 

No. 

9. is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
Yes. 

Recommended mode: ODOR 

Comment: With documented pacemaker syndrome - 
whether it being during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVC: with retrograde conduction) it is 
essential to maintain an appropriate atrio-ventricular 
contraction sequence [4J. 

Reference (4): Barold, S.S., "Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome," Cardio, 1991; 8: 
(Sept) 36-51. 

Heldman, D. et al., "True Incidence of Pacemaker 
Syndrome," Pace, 1990; 13: 1742-1750. 

Aussbel, U., Furman, S,, -The Pacemaker Syndrome, Ann 
(?) Internal Medicine, " 1985; 103: 420-429. 

Mode Se lection Conclusion 5? 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 
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No. 



4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Sinus Node dysfunction 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

No. 



8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 



9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 
No. 

Recommended Mode: DDDR 
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Mode Selection Conclusion fin 

1. Does the patient need a pacemaker? 
Yes. 

2. Will the patient's need for a pacemaker 
be infrequent? 

No. 

4. is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, sinus Node 
dysfunction)? 

Sinus Node dysfunction. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 



8. Is there a hypertrophied, non-compliant 

ventricle? 

Yes. 
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Recommended Mode: DDD 

Comment Given the hypertrophied, non-compliant 
ventricle, one wants to maintain AV synchrony as much as 
possible when the atrium is NOT fibrillation. Hence WI 
and WIR are not appropriate in this setting. 

Mode Selection Conclusion 61 

1. Does the patient need a pacemaker? 
Yes. 



2. Will the patient's need for a pacemaker 
be infrequent? 

No. 



4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction)? 

Sinus Node dysfunction. 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

Yes. 

10. Does Atrial rate increase with 
physiologic stress? 
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Ves. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

Yes. 

Recommended Mode: DDD 

Comment: With documented pacemaker syndrome - 
whether it being during ventricular pacing or its 
functional equivalent (a junctive rhythm with loss of AV 
synchrony, PVC: with retrograde conduction) it is 
essential to maintain an appropriate atrio-ventricular 
contraction sequence [4]. 

Reference [4]: Barold, S.S., -Cardiac Pacing 
Hemodynamics: The Pacemaker Syndrome,* Cardio, 1991; 8: 
(Sept) 36-51. 

Heldman, D. et al., "True Incidence of Pacemaker 
Syndrome," Pace . 1990; 13: 1742-1750. 

Aussbel, U., Furman, S. , -The Pacemaker Syndrome, Ann 
(?) Internal Medicine, " 1985; 103: 420-429. 

Mode Selection Con^uginn 

1. Does the patient need a pacemaker? 
Yes. 
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2. Will the patient's need for a pacemaker 
be infrequent? 

No* 

4. Is the patient mentally incompetent, 
unaware of surroundings, in need of continual nursing 
care, etc? 

No. 

5. Is there evidence of Atrial fibrillation 
(None, Chronic, Intermittent)? 

None. 

11. What is the status of the sinus rhythm 
(Neuroregulatory abnormality, Normal, Sinus Node 
dysfunction) ? 

Sinus Node dysfunction 

12. Is AV Block present or is the patient on 
medications likely to cause AV Block? 

Yes. 

10. Does Atrial rate increase with 
physiologic stress? 

Yes. 

8. Is there a hypertrophied, non-compliant 

ventricle? 

No. 

9. Is there evidence of pacemaker syndrome 
(fall in blood pressure, retrograde conduction, fall in 
cardiac output) with ventricular pacing or pre-pacing 
native rhythm when AV synchrony is lost? 

No. 
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Recommended Mode: ODD Alternate: DDDR 

Comment: While base rate pacing is all that is 
required at the time of implantation, progression of 
sinus or AV nodal conduction disease due to intrinsic 
pathologic processes or medications may render the 
patient chronotropically incompetent in the future. 
Rate modulated capability will allow for management of 
all options. 



Claims 



1. A decision support system for providing guidance in programming an implantable cardiac stimulating device, com- 



prising 



a storage unit containing one or more rule sets defining rules for deriving operating parameters for one or 
more types of implantable cardiac stimulating devices; 

a rule engine unit which selects, from said plurality of rule sets, a rule set corresponding to a type of implantable 
cardiac stimulating device being programmed, and which conducts an interactive session defined in accord- 
ance with said rules of said selected rule set through which programming information is acquired, the pro- 
gramming information being used by said rule engine unit to determine an appropriate operating condition for 
said implantable cardiac stimulating device; and 

input/output means for enabling said rule engine unit to acquire said programming information during said 
interactive session and for presenting said operating condition determined by said rule engine unit. 

2. The decision support system of claim 1 further comprising a patient/device database unit for storing medical in- 
formation pertaining to patients and to said plurality of types of implantable cardiac stimulating devices. 

3. The decision support system of claim 2, wherein said rule engine accesses said patient/device database and uses 
said medical information to select said rule set corresponding to said type of implantable cardiac stimulating device 
being programmed. 

4. The decision support system of claim 2, wherein said rule sets are stored in said patient/device database unit. 

5. The decision support system of claim 1 further comprising means for providing citations to medical literature which 
support said operating condition determined by said rule engine. 

6. The decision support system of claim 5, wherein said means for providing citations presents said citations via said 
input/output means. 

7. The decision support system of claim 1 , wherein said rule engine unit comprises a microprocessor. 

8. The decision support system of claim 1 , wherein said storage unit stores said rule sets as decision trees. 

9. The decision support system of claim 1 , wherein said storage unit stores said rule sets as deductionoriented, 
antecedent-consequent rules. 

10. The decision support system of claim 1, wherein said inpuVoutput means comprises a device selected from the 
group consisting of a keyboard, a touch-sensitive screen, a screen with a light pen, or combinations thereof, to 
enable said rule engine to acquire said programming information and/or a device selected from the group consisting 
of a display monitor, a printer, a touch-sensitive screen, or combinations thereof, to enable said rule engine to 
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present said operating condition. 

11. A method of providing decision support in programming of an implantable cardiac stimulating device, comprising 
the steps of: 

obtaining medical information pertaining to a patient, and to a type of implantable cardiac stimulating device 
being programmed; 

selecting a rule set, corresponding to said type of implantable cardiac stimulating device being programmed, 
from a plurality of rule sets stored in a storage unit; 

conducting an interactive session defined in accordance with rules of said selected rule set through which 
programming information is acquired; and 

using said programming information to determine an appropriate operating condition for said implantable car- 
diac stimulating device being programmed. 

12. The method of claim 11 further comprising the step of telemetrically programming said implantable cardiac stim- 
ulating device being programmed in accordance with said operating condition. 

13. The method of claim 11 or 12 carried out using a decision support system as claimed in any of claims 1 to 10. 

14. An implantable cardiac stimulating device programmer comprising a decision support system as claimed in any 
of claims 1 to 10 said programmer further comprising: 

telemetry means for communicating said operating condition to said implantable cardiac stimulating device. 

15. The programmer of claim 14, wherein the rule engine is at least partially microprocessor-based. 
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